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CHAPTER 1

ELECTRON THEORY

MATTER

The universe consists of what is known as matter. This matter may exist as either a solid, a
liquid, or a gas. Matter is made from elements or a combination of elements. The state of matter
depends on its temperature and pressure at a given time, for example, H20 (water) may exist as ice,
water or steam. Most solid metals may be liquified if their temperature s increased sufficiently, while
certain gases may be liquified by increasing their pressures. The smallest part of an efement that can
exist on its own is called an atom, Scientists are still debating the actual structure of the atom, so only
the known facts which are relative to this course will be discussed in this book.

The typical atom has a solid centre called the nucleus, the main part of which are neutrons
and protans. These are approximately equal in mass, but differ in that the neutrons exhibit no electro-
static charge while the protons are given positive electrostatic charge. Orbiting around the nucleus are
electrons, These have practically zero mass compared with the nucleus and are said to exhibit negative
electrostatic charge. The atomic structure may be compared with the solar system.

The electrons rotate in a three dimensional plane. {Figure 1.1).
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The stoent commencing this course is weil aware that the planets rotate around the sun at high
velocities, but zrz neid in ther orbits by a force of attraction o the sun. Similarly the rotating =tectron

is held n s orcit around the nucleus, by a force of atiraction which is stated in the Electrostatic Laws
of Charge. These are -

(a1 unuke charges atiract each other.

{bl hike charges repell each other,

The pos:ticety chargea nucleus exerts a force of attraction on the negatively charged eieciron,
which s halanceg ov the tangenuial force due to the velocity of the slectron. Thus the eiectron oroits at
a fixea distance “rom the nucteus.  [Figure 1.2).

1.1 ENERGY L_EVELS IN ATOMS

Naturat =-2ments vary only in the equal numper of protons and etectrons in thetr atomic
structure. Hygrozen nas one croton and one electron. Helium ras two proigns and iwo eiectrons. The
electrons rotate ~otmun fixeu “muts from the nucieus, cepending an the numper of electrons in the stom.
These fixeq aistzrces form wnat s known as energy rings, shetls. avels or bands. Between these chetls,
of which there = . maximum ot seven, electrons cannot exist. The areas nehween the sheils are catlea
forbidden banas. The shells sre designated by the etters - K, L. M. N, O, F Q.

.

{Figure 1 3}



Figure 1.3

For ease of understanding the iilustration is drawn in a two dimensinnal plane. The shells have
fixed mummum and maximum diameters depending on thewr distance from the aucleus. Each complete
sheil contains one or more sub-shells, the first four being illustrated in Figure 1.4,
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The maximum number of electrons 2ach sub-sneit may contain 18 shown, whtie the maximum
number of zlectrons 2ach major shell may contain can ze found by adding the ~ymber of electrons .0
gach sub-sneil,



1.2 ELECTRON MOVEMENT FROM SHELL TO SHELL

Electrons possess energy by virtue of their motion. To shift from one energy level to another,
the electrons must absorb or release discrete amounts of energy, known as quantas. A quantum of
energy is the least unit amount of energy which can be considered in the process. Furthermore, quanta
must exist as whole numbers, fractions of a quanta do not exist. If the energy required to shift an
electron from one level to another was three quanta units, an energy level of two quanta units would
produce no shift. If the energy level was increased to three guanta units, the electron would shift
abruptly from one level, across the forebidden band, into the next level. The further the major shell
containing the electron is from the nucieus, the lower the amount of quanta units required to shift it

from one shell to another. .
1.3 IONISATION

The electrostatic charge on a complets atom is zero, or the atom is said to be electrically
neutral. In the neutral state the number of electrons (—charge) equals the number of protons {+ charge).

The heavy protons cannot be removed from the nucleus by natural means, but the lighter electron in the
outer, or valance shell,may move away from the nucleus, either naturally or under the influence of an
external force. |f this occurs there will be one more paositive charge than negative charge in the atom, so
that the atom exhibits an overall positive charge. Similarly, an electron that has escaped from its atom
may orbit temporarily around a neutral atom, causing the atom to exhibit an overall negative charge.

When a neutrai atom gains or loses an electron it is said to be ionised. {Figure 1.5).
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An son will always attempt 1o revert to its neutral state.

1.4 METHODS QF PRODUCING IONS

The energy recuired to shiit electrons away from the influence of the nucleus may be obtainec
from many different sources. Some of the more common of these are -

(at Heat

When pezt. which ts a form of energy, is absorbed by 2 solid, the energy content of the
atectrons = the soid s increased. If sufficient energy s imparteg o the electrons on the
surface -f certain scuds, these electrons wiil actuaily ‘eave the surfzce of the solids ‘or 2
time anc ‘arm g cleud of electrons, This is <nown as thermionic emission. {f the
glectrons ase the zxira energy they wiil tnen return to their normat orbit in the soua.

(31}
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Collision

Electrons released from the influence of their nuclei may be accelerated to very high
velocities. This increases the energy of the electron. If a high velocity electron collides
with a gas molecule it may dislodge an electron from the molecule, thus creating a gas ion.
This type of ionisation is called gas discharge. {Figure 1.7)
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Bombardment
Migh veiacity electrons may also be directed at certain materiais. When the high velocity

electrons strike the surface of these materials, electrons may be released from the surface
of the material. This is known as secondary emission. (Figure 1.8).
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Figure 1.8

Light

Light 1s & form of energy. The amount of energy contained in light depenas on the wave-
length cf the light. If light of & suitable wavelength is focussed onto the surface of certain
materiafs, electrons will leave the surface of that materiai. This is known as photo
emission. There are many other methoas some of which will be discussed n later
chapters. (Figure 1.9},
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In many cases however, continuous ionisation occurs at room temperatures. At these temperat-
s ures, electrons in materials such as gold, silver, copper, aluminium and most other metals move at random
tori. throughout the materials. Because of this continuous movement, the electrons are known as free
electrons and the atoms in the materials are consistantly changing from the neutral to the ionised state
and back again. (Figure 1.10).
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TUTORIAL 1.1

ity
Ice Transpasition
Electrical theory involves a large number of equations because of the mathematical approach

necessary to understand the topic. Equations consist of two sections, the left hand side of the equal sign,
which is the unknown and is referred to as the subject, and the right hand side of the equal sign into which
the known information is inserted and evaluated. In some probiems the information is such that the
unkrown appears conveniently on the left hand side of the basic equation but in others the unknown
4Ppears on the right hand side of the equal sign. To solve the second type of problem the subject must be
transferred so that it exists on its own on the left hand side of the equation. The transferring of the
unknown fram the right hand side to the left hand side is known as transposition.

There are many rules that can be applied to transpositian but the main rules are as follows -

{1} Whatever is done to one side of the equation must be done to the other side. [f ane side 15
divided by a certain quantity the other side must be divided by the same guantity. if an
amount 15 added to ane side of the equation the same amount must be added 10 the other
side of the equation,

Example 1.1
ave X = yb+ §— {1}
r{am

Teo remave § from the right hand side of equation (1) subtract 6 from each side

x-6 = yb+686-6
x-6 = yb

{2} Alwavs endeavour to forma straight hne sguation. that is, ne:ther side 15 divided by any

quanuty,
Exampie 1.2
A X 21
B Y ’

Teo “arm a one line equation, cross muit:nly n equation (2)

(93}



(3)

{4]

If there are no algebraic signs in the equation cover the quantity required as the subject and
divide both sides with whatever is left on the side containing the subject.

Example 1.3

Make ‘A the subject in the equation (3}
ABC = XYZ —(3)

covering A leaves BC exposed an the left hand side. Divide both sides by 8C.

ABC XYz

BC BC

Cancelling the B's and C's on the left hand sides gives -

A = XYZ
BC

if the subject is inside a set of brackets, transpose everything outside the brackets first,
remove the brackets and then apply rules {1}, (2) and ({3)

Example 4

Make ‘a’ the subject in equation {4)

L = X {1+ ab) (4)

if the subject is within 3 set of brackets everything within the brackets is covered and both sides
divided by what is left.

L
—— = {1 + ab)
X
remove the brackets
L
- = 1 + ab
X
Hemave the plus 1 from the right hand side by adding minus 1 to each sides

L
- -]

1 +ab -1

-1 = ab
X

To make i the subject cover ‘a’ and divide both side bv what is left,

ab
X 5

L
—_ =
b

canceifing the ‘b’ s gives

L
a = X
b

o
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TUTORIALS 1.1 j
Transpose the following equations as instructed. ;
]
{1} Make R the subjectin | = i |
R 1
(2) Make Rythesubjectin Ry /1
R /2 ’ )
4
b
(3 Make A, thesubjectin Ry /1A |
Ry Z2h i
N
(4) Make 'h’ the subject in W = mgh "
(5) Make E the subjectin P = EZ
R
i
{6} ﬂf’iﬂ tcthesu_tjjectin R, = R (1 +at) mi
(7) Make | thesubjectin n = Mgh . 100 k
Elt 1 b
(8 Make t, the subjectin H = mC,C {t; = t.) :
L. / "
{9) Make Athesubjectin § = "‘W {ié
des i
(10] Make N the subject in L = N2 # A j
!



